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n AmbiPack: a systematic algorithm for packing of
macromolecular structures with ambiguous distance
constraints. Cheuk-san Edward Wang, Tomás Lozano-
Pérez and Bruce Tidor (1998). Proteins 32, 26–42.
The determination of structures of multimers presents
interesting new challenges. The structure(s) of the individual
monomers must be found and the transformations to produce
the packing interfaces must be described. A substantial
difficulty results from ambiguities in assigning
intermolecular distance measurements (from nuclear
magnetic resonance, for example) to particular intermolecular
interfaces in the structure. Here the authors present a rapid
and efficient method to solve the packing and the
assignment problems simultaneously given rigid monomer
structures and (potentially ambiguous) intermolecular
distance measurements. A promising application of this
algorithm is to couple it with a monomer searching protocol
such that each monomer structure consistent with
intramolecular constraints can be subsequently input to the
current algorithm to check whether it is consistent with
(potentially ambiguous) intermolecular constraints. The
algorithm AmbiPack uses a hierarchical division of the search
space and the branch-and-bound algorithm to eliminate
infeasible regions of the space. Local search methods are
then focused on the remaining space. 
1 July 1998. Proteins.
n Origins of globular structure in proteins. Nobuhide Doi
and Hiroshi Yanagawa (1998). FEBS Lett. 430, 150–153.
Since natural proteins are the products of a long evolutionary
process, the structural properties of present-day proteins
should depend not only on physico-chemical constraints, but
also on evolutionary constraints. Here the authors propose a
model for protein evolution in which membranes play a key
role as a scaffold for supporting the gradual evolution from
flexible polypeptides to well-folded proteins. They suggest
that the folding process of present-day globular proteins is a
relic of this putative evolutionary process. To test the
hypothesis that membranes once acted as a cradle for the
folding of globular proteins, extensive research on membrane
proteins and the interactions of globular proteins with
membranes will be required. 
3 July 1998. FEBS Letters.
n From synthetic coiled coils to functional proteins:
automated design of a receptor for the calmodulin-
binding domain of calcineurin. Giovanna Ghirlanda,
James D Lear, Angela Lombardi and William F DeGrado
(1998). J. Mol. Biol. 281, 379–391.
A series of synthetic receptors capable of binding to the
calmodulin-binding domain of calcineurin (CN393–414) were
designed, synthesized and characterized. The design was
accomplished by docking CN393–414 against a two-helix
receptor, using an idealized three-stranded coiled coil as a
starting geometry. The sequence of the receptor was chosen
using a sidechain re-packing program, which employed a
genetic algorithm to select potential binders from a total of
7.5×106 possible sequences. A total of 25 receptors were
prepared, representing 13 sequences predicted by the
algorithm as well as 12 related sequences that were not
predicted. The receptors were characterized by CD
spectroscopy, analytical ultracentrifugation, and binding assays.
The receptors predicted by the algorithm bound CN393–414
with apparent dissociation constants ranging from 0.2 µM to
>50 µM. Many of the receptors that were not predicted by the
algorithm also bound to CN393–414. Methods to circumvent this
problem and to improve the automated design of functional
proteins are discussed.
14 August 1998. Journal of Molecular Biology.
n Specific correlations between relative synonymous
codon usage and protein secondary structure. Matej
Oresic and David Shalloway (1998). J. Mol. Biol. 281,
31–48.
In this paper, the authors found significant species-specific
correlations between the use of two synonymous codons and
protein secondary structure units by comparing the three-
dimensional structures of human and Escherichia coli proteins
with their mRNA sequences. The correlations are not
explained by codon-context, expression level, GC/AU
content, or positional effects. The E. coli correlation is
between Asn AAC and the C-terminal regions of β-sheet
segments; it may result from selection for translational
accuracy, suggesting the hypothesis that downstream Asn
residues are important for β-sheet formation. The correlation
in human proteins is between Asp GAU and the N termini of
α-helices; it may be important for eukaryote-specific
sequential, cotranslational folding. The kingdom-specific
correlations may reflect kingdom-specific differences in
translational mechanisms. The correlations may help identify
residues that are important for secondary structure formation,
be useful in secondary structure prediction algorithms, and
have implications for recombinant gene expression.
7 August 1998. Journal of Molecular Biology.
n Detection of protein three-dimensional side-chain
patterns: new examples of convergent evolution. Robert
B Russell (1998). J. Mol. Biol. 279, 1211–1227.
Detection of recurring three-dimensional sidechain patterns
is a potential means of inferring protein function. This paper
presents a new method for detecting such patterns and
discusses various implications. The method allows detection
of sidechain patterns without any prior knowledge of
function, requiring only protein structure data and associated
multiple sequence alignments. A recursive, depth-first search
algorithm finds all possible groups of identical amino acids
common to two protein structures independent of sequence
order. The search is highly constrained by distance
constraints, and by ignoring amino acids unlikely to be
involved in protein function. A weighted root-mean-square
deviation (RMSD) between equivalenced groups of amino
acids is used as a measure of similarity. The statistical
significance of any RMSD is assigned by reference to a
distribution fitted to simulated data. Searches with the
Ser/His/Asp catalytic triad, a His/His porphyrin-binding
pattern, and the zinc-finger Cys/Cys/His/His pattern are
performed to test the method on known examples. An all-
against-all comparison of representatives from the structural
classification of proteins (SCOP) is performed, revealing
several new examples of evolutionary convergence to
common patterns of sidechains within different tertiary folds
and in different orders along the sequence. These include a
di-zinc binding Asp/Asp/His/His/Ser pattern common to
alkaline phosphatase/bacterial aminopeptidase, and an
Asp/Glu/His/His/Asn/Asn pattern common to the active sites
of DNase I and endocellulase E1. Implications for protein
evolution, function prediction and the rational design of
functional regulators are discussed.
26 June 1998. Journal of Molecular Biology.
n Catapult mechanism renders the chaperone action of
Hsp70 unidirectional. Serge M Gisler, Ezra V Pierpaoli
and Phillipp Christen (1998). J. Mol. Biol. 279, 833–840 .
Molecular chaperones of the Hsp70 type promote the folding
and membrane translocation of proteins. The interaction of
Hsp70s with polypeptides is linked to ATP binding and
hydrolysis. The authors formed complexes of seven different
fluorescence-labeled peptides with DnaK, the Hsp70
homolog of E. coli, and determined the rate of peptide release
under two different sets of conditions. (1) Upon addition of
ATP to nucleotide-free peptide–DnaK complexes, all tested
peptides were released with similar rate constants (2.2 s–1 to
6.7 s–1). (2) In the binding equilibrium of peptide and ATP-
liganded DnaK, the dissociation followed one- or two-step
reactions, depending on the amino acid sequence of the
peptide. For the monophasic reactions, the dissociation rate
constants diverged by four orders of magnitude from 0.0004
s–1 to 5.7 s–1; for the biphasic reactions, the rate constants of
the second, slower isomerization step were in the range from
0.3 s–1 to 0.0005 s–1. The release of the different peptides in
case (1) is 1.4 to 14,000 times faster than in case (2).
Apparently, binding of ATP induces a transient state of the
chaperone which ejects target peptides before the final state
of ATP-liganded DnaK is reached. This ‘catapult’
mechanism provides the chaperone cycle with a mode of
peptide release that does not correspond with the reverse of
peptide binding. By allowing the conformation of the
outgoing polypeptide to differ from that of the incoming
polypeptide, a futile cycle with respect to conformational
work exerted on the target protein is obviated.
19 June 1998. Journal of Molecular Biology.
n Atomic force microscopy detects changes in the
interaction forces between GroEL and substrate
proteins. Anja Vinckier, Pietro Gervasoni, Frank Zaugg, Urs
Ziegler, Peter Lindner, Peter Groscurth, Andreas Plückthun
and Giorgio Semenza (1998). Biophys. J. 74, 3256–3263.
The structure of the E. coli chaperonin GroEL has been
investigated by tapping-mode atomic force microscopy
(AFM) under liquid. High-resolution images can be obtained,
which show the upright position of GroEL adsorbed on mica
with the substrate-binding site on top. Because of this
orientation, the interaction between GroEL and two
substrate proteins, citrate synthase from Saccharomyces
cerevisiae with a destabilizing Gly→Ala mutation and RTEM
β-lactamase from E. coli with two Cys→Ala mutations, could
be studied by force spectroscopy under different conditions.
The results show that the interaction force decreases in the
presence of ATP (but not of ATPγS) and that the force is
smaller for native-like proteins than for the fully denatured
ones. It also demonstrates that the interaction energy with
GroEL increases with increasing molecular weight. By
measuring the interaction force changes between the
chaperonin and the two different substrate proteins, the
authors could specifically detect GroEL conformational
changes upon nucleotide binding. 
June 1998. Biophysical Journal.
n Hsp104, Hsp70, and Hsp40: a novel chaperone system
that rescues previously aggregated proteins. John R
Glover and Susan Lindquist (1998). Cell 94, 73–82.
Hsp104 is a stress tolerance factor that promotes the
reactivation of heat-damaged proteins in yeast by an unknown
mechanism. In this paper, the authors demonstrate that
Hsp104 functions in this process directly. Unlike other
chaperones, Hsp104 does not prevent the aggregation of
denatured proteins. However, in concert with Hsp40 and
Hsp70, Hsp104 can reactivate proteins that have been
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denatured and allowed to aggregate, substrates refractory to the
action of other chaperones. Hsp104 cooperates with the
chaperones present in reticulocyte lysates but not with DnaK
of E. coli. The authors conclude that Hsp104 has a protein
remodeling activity that acts on trapped, aggregated proteins
and requires specific interactions with conventional chaperones
to promote refolding of the intermediates it produces. 
10 July 1998. Cell.
n A critical role for amino-terminal glutamine/asparagine
repeats in the formation and propagation of a yeast
prion. Angela H DePace, Alex Santoso, Paul Hillner and
Jonathan S Weissman (1998). Cell 93, 1241–1252.
The yeast [PSI+] factor propagates by a prion-like mechanism
involving self-replicating Sup35p amyloids. The authors have
identified multiple Sup35p mutants that either are poorly
recruited into, or cause curing of, wild-type amyloids in vivo. In
vitro, these mutants showed markedly decreased rates of
amyloid formation, strongly supporting the protein-only prion
hypothesis. Kinetic analysis suggests that the prion state
replicates by accelerating slow conformational changes rather
than by providing stable nuclei. Strikingly, the mutations
described here map exclusively within a short
glutamine/asparagine-rich region of Sup35p, and all but one
occur at polar residues. Even after replacement of this region
with polyglutamine, Sup35p retains its ability to form
amyloids. These and other considerations suggest similarities
between the prion-like propagation of [PSI+] and
polyglutamine-mediated pathogenesis of several
neurodegenerative diseases. 
26 June 1998. Cell.
n Identification of a minimal core of the synaptic SNARE
complex sufficient for reversible assembly and
disassembly. Dirk Fasshauer, William K Eliason, Axel T
Brünger and Reinhard Jahn (1998). Biochemistry 37,
10354–10362.
Assembly of the three neuronal membrane proteins
synaptobrevin, syntaxin, and SNAP-25 is thought to be one of
the key steps in mediating exocytosis of synaptic vesicles. In
vivo and in vitro, these proteins form a tight complex.
Assembly is associated with a large increase in α-helical
content, suggesting that major structural and conformational
changes are associated with the assembly reaction. Limited
proteolysis by trypsin, chymotrypsin, and proteinase K of the
ternary complex formed from recombinant proteins lacking
their membrane anchors revealed a SDS-resistant minimal
core. The components of this core complex were purified and
characterized by N-terminal sequencing and mass
spectrometry. They include a slightly shortened
synaptobrevin fragment, C- and N-terminal fragments of
SNAP-25, and a C-terminal fragment of syntaxin that is
slightly larger than the previously characterized H3 domain.
Recombinant proteins corresponding to these fragments are
sufficient for assembly and disassembly. In addition, each of
the two SNAP-25 fragments can individually form complexes
with syntaxin and synaptobrevin, suggesting that they both
contribute to the assembly of the SNARE complex. Upon
complex assembly, a large increase in α-helical content is
observed along with a significantly increased melting
temperature (Tm). Like the full-length complex, the minimal
complex tends to form an oligomeric species; global analysis
of equilibrium ultracentrifugation data suggests a
monomer–trimer equilibrium exists. These conserved
biophysical properties may thus be of fundamental
importance in the mechanism of membrane fusion. 
21 July 1998. Biochemistry.
n Altering the context of an RNA bulge switches the
binding specificities of two viral Tat proteins. Colin A
Smith, Shane Crotty, Yoko Harada and Alan D Frankel
(1998). Biochemistry 37, 10808–10814.
The bovine immunodeficiency virus (BIV) Tat protein binds
with high affinity to its TAR RNA site through a large set of
specific RNA–protein contacts whereas human
immunodeficiency virus (HIV) Tat makes relatively few
contacts to HIV TAR and requires the assistance of a cellular
protein to bind with high affinity. The two TAR sites are
structurally very similar, but BIV Tat appears unable to make
the same set of high-affinity contacts to HIV TAR. To
determine the basis of this discrimination, the authors
examined BIV Tat binding to a series of hybrid TARs both in
vivo and in vitro. They expected that differences in the
architectures of the bulges might account for the binding
specificity; however, the results show that flanking base pairs
provide the key determinants. Based on these data, the
authors designed a novel TAR that is recognized by both
BIV Tat and HIV Tat. This RNA may be viewed as a
primordial TAR from which two distinct recognition
strategies can be evolved. 
28 July 1998. Biochemistry.
n Electrostatic contributions to heat capacity changes of
DNA-ligand binding. K Gallagher and K Sharp (1998).
Biophys. J. 75, 769–776.
Significant heat capacity changes (∆Cp) often accompany
protein unfolding, protein binding, and specific DNA–ligand
binding reactions. Such changes are widely used to analyze
contributions arising from hydrophobic and polar hydration.
Current models relate the magnitude of ∆Cp to the solvent
accessible surface area (ASA) of the molecule. However, for
many binding systems — particularly those involving non-
peptide ligands — these models predict a ∆Cp that is
significantly different from the experimentally measured
value. Electrostatic interactions provide a potential source of
heat capacity changes and do not scale with ASA. Using
finite-difference Poisson–Boltzmann methods (FDPB), the
authors have determined the contribution of electrostatics to
the ∆Cp associated with binding for DNA-binding reactions
involving the ligands DAPI, netropsin, lexitropsin, and the λ
repressor binding domain. 
August 1998. Biophysical Journal.
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n Lipid nanotubes as substrates for helical crystallization
of macromolecules. Elizabeth M Wilson-Kubalek,
Rhoderick E Brown, Hervé Celia and Ronald A Milligan
(1998). Proc. Natl Acad. Sci. USA 95, 8040–8045.
A general approach for crystallization of proteins in a fast and
simple manner would be of immense interest to biologists
studying protein structure–function relationships. Here, the
authors describe a method that they have developed for
promoting the formation of helical arrays of proteins and
macromolecular assemblies. Electron micrographs of the arrays
are suitable for helical image analysis and three-dimensional
reconstruction. The authors show that hydrated mixtures of
the glycolipid galactosylceramide (GalCer) and derivatized
lipids or charged lipids form unilamellar nanotubules. The
tubules bind proteins in a specific manner via high-affinity
ligands on the polar head groups of the lipid or via electrostatic
interactions. By doping the GalCer with a novel nickel-
containing lipid, they have been able to form helical arrays of
two histidine-tagged proteins. Similarly, doping with a
biotinylated lipid allows crystallization of streptavidin. Finally,
three proteins with affinity for positively or negatively charged
lipid layers formed helical arrays on appropriately charged
tubules. The generality of this method may allow a wide
variety of proteins to be crystallized on lipid nanotubes under
physiological conditions. 
7 July 1998. Proceedings of the National Academy of
Sciences USA.
n Important role of hydrogen bonds in the structurally
polarized transition state for folding of the src SH3
domain. Viara P Grantcharova, David S Riddle, Jed V
Santiago and David Baker (1998). Nat. Struct. Biol 5,
714–720.
Experimental and theoretical studies on the folding of small
proteins such as the chymotrypsin inhibitor 2 (CI-2) and the
P22 Arc repressor suggest that the folding transition state is an
expanded version of the native state with most interactions
partially formed. Here, the authors report that this picture does
not hold generally: a hydrogen bond network involving two β-
turns and an adjacent hydrophobic cluster appear to be formed
in the folding transition state of the src SH3 domain, while the
remainder of the polypeptide chain is largely unstructured.
Comparison with data on other small proteins suggests that this
structural polarization is a consequence of the topology of the
SH3 domain fold. The non-uniform distribution of structure in
the folding transition state provides a challenging test for
computational models of the folding process. 
August 1998. Nature Structural Biology.
n Obligatory steps in protein folding and the
conformational diversity of the transition state. Jose C
Martinez, M Teresa Pisabarro and Luis Serrano (1998).
Nat. Struct. Biol 5, 721–729.
In this paper, the authors have analyzed the existence of
obligatory steps in the folding reaction of the α-spectrin SH3
domain by mutating Asp 48 (D48G), which is at position i+3
of an isolated two-residue type II′β-turn. Calorimetry and X-
ray analysis show an entropic stabilizing effect resulting from
local changes at the dihedral angles of the β-turn. Kinetic
analysis of D48G shows that this β-turn is fully formed in the
transition state, while there is no evidence of its formation in
an isolated fragment. Introduction of several mutations in the
D48G protein reveals that the local stabilization has not
significantly altered the transition state ensemble. All these
results, together with previous analysis of other α-spectrin
and src SH3 mutants, indicate that: (i) in the folding reaction
there could be obligatory steps which are not necessarily part
of the folding nucleus; (ii) transition state ensembles in β-
sheet proteins could be quite defined and conformationally
restricted (‘mechanic folding nucleus’); and (iii) transition
state ensembles in some proteins could be evolutionarily
conserved.
August 1998. Nature Structural Biology.
n Synergy between simulation and experiment in
describing the energy landscape of protein folding.
Andreas G Ladurner, Laura S Itzhaki, Valerie Dagett and
Alan F Fesht (1998). Proc. Natl. Acad. Sci. USA. 95,
8473–8478.
Molecular dynamic simulations of the unfolding of
chymotrypsin inhibitor 2 (CI2) have provided detailed
structural models of the transition state ensemble for
unfolding/folding of the protein. These authors have now used
the simulated transition state structures to design faster folding
mutants of CI2.
7 July 1998. Proceedings of the National Academy of
Sciences USA.
n Folding intermediates of a self-splicing RNA:
mispairing of the catalytic core. Jie Pan and Sarah A
Woodson (1998). J. Mol. Biol 280, 597–609.
The Tetrahymena thermophila self-splicing RNA is trapped in
an inactive conformation during folding reactions at
physiological temperatures. The structure of this metastable
intermediate was probed by chemical modification
interference and site-directed mutagenesis. In the inactive
structure, an incorrect base-pairing, which the authors call Alt
P3, displaces the P3 helix in the catalytic core of the intron.
Mutations that stabilize Alt P3 increase the fraction of pre-
rRNA that becomes trapped in the inactive structure,
whereas mutations that destabilize Alt P3 reduce
accumulation of this conformer. At high concentrations of
Mg2+, the yield of correctly folded mutant pre-rRNAs is
similar to wild-type RNA. Under these conditions, the rate of
folding for mutant RNAs is slower than for the wild-type, but
is increased by addition of urea. The results show that slow
folding of the Tetrahymena pre-rRNA is a consequence of non-
native secondary structure in the catalytic core of the intron,
which is linked to an alternative hairpin in the 5′ exon. This
illustrates how kinetically stable, long-range interactions
shape RNA folding pathways.
24 July 1998. Journal of Molecular Biology.
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n Modeling active RNA structures using the intersection
of conformational space: application to the lead-
activated ribozyme. S Lemieux , P Chartrand, R
Cedergren and F Major (1998). RNA 7, 739–749.
The Pb2+ cleavage of a specific phosphodiester bond in yeast
tRNA(Phe) is the classical model of metal-assisted RNA
catalysis. In vitro selection experiments have identified a
tRNA(Phe) variant, the leadzyme, that is very active in
cleavage by Pb2+. The authors present a three-dimensional
modeling protocol used to propose a structure for this
ribozyme, based on the computation of the intersection of
conformational space of sequence variants and the use of
chemical modification data. Sequence and secondary structure
data were used in a first round of computer modeling that
allowed identification of conformations compatible with all
known leadzyme variants. Common conformations were then
tested experimentally by evaluating the activity of analogues
containing modified nucleotides in the catalytic core. These
experiments led to a new structural hypothesis that was tested
in a second round of computer modeling. The resulting
proposal for the active conformation of the leadzyme is
consistent with all known structural data. The final model
suggests an in-line SN2 attack mechanism and predicts two
Pb2+ binding sites. The protocol presented here is generally
applicable in modeling RNAs whenever the catalytic or
binding activity of structural analogues is known. 
4 July 1998. RNA.
n Function of hexameric RNA in packaging of
bacteriophage phi 29 DNA in vitro. F Zhang, S Lemieux,
X Wu, D St-Arnaud, CT McMurray, F Major and D
Anderson (1998). Mol. Cell 2, 141–147.
A cyclic hexamer of the 120-base prohead RNA (pRNA) is
needed for efficient in vitro packaging of the B. subtilis
bacteriophage phi 29 genome. This capacity of pRNA to form
higher multimers by intermolecular base pairing of identical
subunits represents a new RNA structural motif. Dimers of
pRNA are likely intermediates in formation of the cyclic
hexamer. A three-dimensional model of the pRNA hexamer is
presented.
2 July 1998. Molecular Cell.
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Five reviews on aspects of Engineering and design in the
August issue (No 4) of Current Opinion in Structural
Biology (1998), 8, 441–476. Edited by Lynne Regan and
James Wells.
Fourteen reviews on aspects of Protein engineering in
the August issue (No 4) of Current Opinion in
Biotechnology (1998), 9, 335–436. Edited by Dennis
Burton and John Tainer.
CAMPASS: a database of structurally aligned protein
superfamilies [Ways & Means]. R Sowdhamini et al.
(1998). Structure 6, 1087–1094.
Engineering proteins: keeping up with biology
[Crosstalk]. Donald F Doyle and David R Corey (1998).
Chemistry & Biology 5, R157–R160.
Protein secretion: Getting folded proteins across
membranes [Dispatch]. Craig Stephens (1998). Current
Biology 8, R578–R581.
Huntington’s disease [Quick guide]. (1998). Current
Biology 8, R672.
